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We T&E Polymer Corporation, a Cor- 
poration of the Commonwralth of Pennsyl- 
vania^ United States of America, of 2120 
Fairmont Avenue, Reading, State of Peon- 
sylvania. United States of America, -do here- 
by declare the invention, ^or which we pray 
that at patent may be granted to us, and ms^ 
mediod by which it is to be performed, to 
be .particiilarly described in -and by the fol- 
lowing statement: — 

This invention relates to the production of 
pdLykctam products. More specifically, it 
deals with die incorporadon of so-caUed 
microsjjheres in polylactams by including 
such microspheres in higher lactams and poly- 
merising the lactams by low temperature 
anionic polymerisation processes while the 
microspheres are uniformly disstributed 
throughout the polymerising mass. This has 
the rffect of obtaining polylactam product 
having reduced density. 

The term "microsphere** has become known 
to those skMled in the art as pertaining to 
hoMow spherical particles geneiaJly ranging 
from 30 to 300 microns in diameter, 'fbisj 
cam comprise glass, phenolic resin or urea 
forma Idfgiydc. A preferred type is of glass 
and is sold commercially by Emerson & Cumr- 
ang. Inc. under the Trade Marie "Eccosphere". 
These glass spheres have a light wd^t, low 
dielectric constant low dissipation factor, 
high temperature stability and low thermal 
conductivity, which makes them ideal as 
fillers for nylon. They have a bulk densky 
of about 18.0 lbs/cu.ft. 

It has been found that polylactams having 
reduced density can be fOTrned in which the 
physical properties of the polylactams are not 
seriou^y compromised. These polyactams are 
formed by incorporating microspheres in the 
pdyhccam to obtain a reduced doiaty, vai- 
able wkhin moderaisiy wide limits, while still 
maintaining high str^tgdi and dinabShy. 



According to the invention there is pro- 
vided a process of producing polylactam pro- 
duct ^ by means of the low temperature 
anionic polymerisaticHi of a reactive lactam 
monomer with a prtHnoter and catalyst as 
herein described, comprising s^<^^rr^^ «the micro- 
si^ieies to die monomer while the monomer 
is in a state psnnittmg tmiform dispersion 
of the microspheres and polymerising the 
monomer to obtain a solid polylactam harong 
the mioro^heres uniformly dispersed in it. 

The polymers referred to in this invenrion 
are polylactams prepared by low temperatures 
anionic polymerisation. By low temperature 
polymerisation is meant polymerisation below 
the melting point of the polymer and above 
the melting point of the monomer. Due to 
the low m^t ' viscosity of inost polyamides, 
a uniform dispersion: of microspheres is difii- 
cult to achieve in polyamides. Even if good 
(Kspersion of the tfiMeis dn the polymer is ob- 
tained, it is difficult to maintain such disper- 
sion dtiring subsequent shape formation, such 
as injection inolding and extrusion, which 
necessarily entails exceeding the melting point 
of ihe polyamide. 

Due to the fact that the low temperature 
anionic i>olymerisation prooKses can be con- 
ducted below the mating point of die poly- 
mer and ^ can be carried out with extreme 
lapidity, it is possible to mix the microspheres 
with the monomer until ihe viscous stage of 
■the polymerisation is reached and ilhus insure 
a uniform distribution of the microspheres in 
the resulting shaped polylactam. 

Briefly, die invention relates «o the poly- 
meri^tion of higher lactams, Le. l-aota-mQ con- 
taining at least 6 carbon atoms in the lactam 
ring, as for example, e-caprolactam, enantho- 
lactam, caprylolactam, decanolactam, om- 
decanokctam, dodecanolactam, pentadecano- 
laotam, hexadecanoJactam, mediylcyclohexan- 
one isoximes, cydic hexamethylene adipamide, 
and mbcQires tibereof; in the presence of an 
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aniomc polymetisatioii catalyst, as for ex- 
aiiq>le» alkdi and aT Valmg earth metals such 
as i&Mum, sodium, jpotasstum, magnesium, 
calcium, strontium, eidier in metallic fomi or 

5 in the form of hydrides, borahydrides oxides, 
Siydioxides, carbauate^ organo-mcrallic de> 
rhratives of the forqgouig metals, as wdl as 
od»r me^I^ such as &tyl lithium, ethyl 
potassium, propyl sodium, phenyl sodium, 

10 tdi^enyhnediyl sodium, diphenyl magnesium, 
-diethyl zinc^ triisopropyl ahmiinum, diiso- 
butyl aluminum hydride^ sodium amide, 
magnesium amid^ magnesium anMide, Grig- 
inard reagent compounds, such as ethyl mag- 

15 nesium chloride, medqrl magnesium brcsmide, 
phenyl magnpginm bromide 'anH a promoter 
compound such as organic isocyanates, ketenes., 
acid chloride^ add - anhydrides, and N-sub- 
sdtutai imide having the structural formula 

20 A— N— B, as di^osed. in specification 
R 

914,022. The promoter compound prefer- 
ably has a moleculaa: wdght of less ihan 
1000. 

- 25 This polymerisarion of the higher lactams 
is initiated at temperatures of •firon the melt- 
ing point of the ilactam monomer to 250°C, 
and preferably from 125** to ^OO^C. As the 
leactian is exothermic, the iiiitiation tempera- 

30 ture will be esce^ed under most conditions. 
The amount of catalyst and promotetr com- 
pound each can vary &om 0.01 to 20 mole 
•percent, xncf erably from 0.05 to 5 mole per- 
cent, and more pJeferably still from 0.1 to 1 

35 mole percent, aH based on the higher 'lactam 
being p^ymeiized. The higher lactzms pre- 
ferably contain (from 6 to 20 carbon atoms 
and ^ore preferably contain from 6 to 12 
catbon atoms. The anionic catalyst preferably 

40 is a Grignard compound or an alkali metal or 
hydrides thereof. St will be {understood that 
the anionic catalyst can be reacted m stoichio- 
metric amount with a high^ lactam m fozm 
a salt thereof, sudi as sodium caprolactam, 

45 and said salt can "then be employed in the 
polymerization process in an equivalent 
amount uo the anionic catalyst as set out here- 
inabove. This preliminary preparation is par- 
ticularly desirable as it permits ready re- 

50 movai of hydrogen gas from the system when 
sodium or sodium hydride is employed, re- 
moval of waiter wh^ sodium h3^droxide is 
empdoyed, and removal of water and carbon 
dioxide when sodium carbcmate is employed. 

55 IsoCTanates and N-subsdtixtsd imides are the 
prefeixed promoter compounds. It will be 
understood that the use of add chlorides 
cfiEccts the presence of HO in the system 
which prefeiably is lemoved therefrom to 

60 predude reaction with the anionic catalyst, 
whereby extra cataly:st would otherwise be 
required. Sinrilarly add anhydrides generate 
organic adds in system which then require 
suffident anionic catalyst to neutralize the 

65 organic add in addition to the amount de- 



fied to function m ihe poSyxasadzadon reac- 
dons. 

Beside glass microspheres, mlcrospjx^es of 
urea-formaldehyde r^m or phehol-formalde- 
hyde resin may be used. Due to the low tern- 70 
perature at which polymeriza^on ;tkkes places 
many types of microsjAeies .can be nsed as 
long as the melting point of the spheres is 
above the temperature at which polymeriza- 
tion takes place. ' 75 

Basically, she process of the pj^scnt j^en- 
tion consists of mduding thes^^^ggj^meres 
in a reactive lactam monomer containing a 
catalyst and a promoter, heating said mono- 
mer to the temperature where polymerization 80 
occurs and letting it polymerize co a solid 
while die microspheres are umformly dis- 
tributed theidn. 

It has been found that the convection cur- 
rents caused by the heat applied to the mono- 85 
mer and the exothermic nature of the poly- 
merization process, disperses ^e micro- 
spheres unifiramly . thzou^out the monomer, 
which may, in part;, eliminate the neces^ty 
of medianical agitation prior to the time the 90 
polymerizing mass beccHnes sufiSdently viscous 
to prevent gravity separation. 

The process outlined above is more specific- 
ally iUusQated by the foHowing esan^Ies: 

ESAMPLB I 95 

Into e-caprolactam monom^ was added 
about 50%, on a dry volume basis, of glass 
microspheres. (Eccospheres) The caprolactam 
containing the microspheres was heated to 
about 169''Cf during which time the micro- IQO 
spheres were uniformly dispersed in the mono- 
mer due to the convection currents caused by 
the healing apparatus. Polymerization was 
then initiated by adding 1/200 molar quan- 
tity pf a sodium (hydride catalyst and 1/200 105 
mohtr quantity of a tolylene diisocyanate pro- 
moter. A solid polycaprolactam artide was 
tRnr r-fiipd contaimng microspheres unifoimly disr- 
persed throughout. The density of the xe- 
suiting rigid product was about 0.81 as 110 
opposed to a normal density of about 1.15 
for a solid polycaprolactam artide. 

EXAMPLB n 

The experiment of Example I was repeated 
this time using 10% by volume glass micro- 115 
spheres. A rigid polycajirolaccam product was 
formed having a den^ty of ^out 1.06. 

EXAMPJLB m 

15% by volume phenol-formaldehyde xesin 
microsphares were added to c-caprolactam. 120 
The microspheres had a partide size of about 
40 microns, had a real density of about 0.25, 
where nitrogen filled, and were sold by Unioo: 
Carbide omder the Trade Mark Bakdzte 
Phenolic Micro Balloons BJO-0930. 125 

The above mixture was polymerized using 
a 1/400 molar quantity of sodium hydride 
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and a 1/200 molar quantity cf tolyi^se diiscK 
cyaoata Hie teactiaa "was initated at zbout 
160^0 The product produced by sudt poiy- 
merizadon was a ripd polycaprolactsm having 
a density of about 0S7. 

WHAT WE CLAIM IS:— 

1, A pnx:ess of produdng polylactam pro- 
duct by m^ns of the low temperature anionic 
polymerisation ctf a leactive lactam monomer 
mdi a promooer and catalyst as herein des- 
cribed, comprising adding microspheres to the 
monamer ■while the monomer is in a state 
petmitdng uniform: dis|>ersion of the micio- 
spheies and polymerismg 'die monomer to 
obtain a st^d pol^dactaim having- the micro- 
spheres unifomjy disposed in it. 

2. A process aocoiding to r^atm com- 
prising adding the microspheres to the mono- 
mer, heating the monomer iliereby dispersmg 
die microspheres by means of the convection 
currents caused by the heatii^, iistiating poly- 
merisatioQ the additkxi of the catalyst and 



die .promoter and permiiiiu g comptedon of 
•polymerisation. 

3. A process acoocding to claims 1 or 2, in 
vAuA said piicrc^heres are selected from the 
gCDUp consisting of glass sphores, spheies of 
phenol-formaklehyde lesm, and spibeies of 
umea-fonnaldehyde lean. 

4. A process according to daim 1> 2 or 3, 
wherein said microspheres are added in the 
amount of from 10— 50%i by volume on a 
xby basis. 

5. A method according to claim 1 for 
nicking a polylactam product substantially as 
herein described with lefetence to the £s- 



6. A polylactam product whenever pro- 
duced by die metSiod of any one of t3ie pre- 



For the Ap^cants 
MATTEIESWS, HADD AN & CO. 
Chartered Patent Agents 
31—32, Bedford Street^ London W.C.2. 
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